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A bibliometric study using the lists of publications and work of 207 scientists working in 
Asia, Latin America and Africa was conducted. Number of authored and co-authored articles 
published in scientific journals and bulletins, conference papers, books, chapters of books, 
reports were taken into' consideration to measure 'the total scientific output. Local vs. 
intemational production was also determined by scientific fields, geographic areas, sexe and 
language of publication. Co-authorship studies wen also used to particularly measure the 
degree of collaboration and dependance of Developing Gmntries' (DC) scientists on foreign 
co-authors. An analysis of the references used (age, origins) was also made. Conclusions 
drawn concern the comparatively specific nature of science produces by DC's researcher. 
Partly given the importance of the scientific production published in local journals, the 
inadequacy of intemational databases to study Dc science is confirmed. Most of the DC 
scientists publish in both national and international journals. They often cite their colleagues 
from the developed countries but their own work being less "visible" is seldom cited. 
Introduction 
To measure the relative scientific output from the DeveIoping Countries (DC) 
st authors have so far been using international databases, especially the one from 
Institute for Scientific Information (ISI) in the United States.'" The work done 
Davis4 in 36 sub-Saharan African countries for the period 1970-1979 is most 
ries5~6 and individual countries7-9 has also been 
sed using IS1 and other international databases. These' studies provide 
ition of the various countries on the mainstream 
ng because it concerns a relatively homogeneous group of countries. The ' 
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science supplier list and their impact on world science, but the description of how 
science is constructed in these countries, the researchers' scientific strategy, and their 
participation in national and international science in incomplete and often inaccurate. 
We propose to use a different approach. This paper examines the scientific 
written output to 207 African, Asian and Latin American scientists who have been 
awarded one of several research grant(s) from the International Foundation for 
Science (IFS) in the agricultural and biological sciences and related technology. 
These scientists are working in 54 countries (23 African, 13 Latino American and 18 
Asian Countries). Their scientific written output represents close to 5000 references 
produced during the 70's and the early 80's. The most significant individual feature of 
the population stems from the fact that the researchers who constitute it are the 
products of an internationally directed selection procedure. In other words, we could 
hypothesize that they are among the best researchers in DCs. 
. 
Local science and mainstream science 
Although there is no database that is anywhere near complete, the DCs were 
recently credited with approximately 5% of the world's scientific production. Many 
databases are highly specialized. This is not the case for IS1 which covers some 4500 
journals from very diverse fields of science. But IS1 is very selective and only screens 
the world's most popular scientific journals, the ones that publish the most frequently 
cited articles. Its Scierice Cifation hidex (SCl), developed by the IS1 mapmakers, 
mainly focuses on what has become known as "mainstream science", the most 
internationally visible science carried in 3100 scientific journals. Considering that 
there are not far from 70000 scientific journals in the world (Tumer, 1984), the IS1 
database is really selective. Thus IS1 represents about 6.5% of the scientific journals 
published throughout the world. Bibliometric work is often based on IS1 data. 
Therefore, even if it covers.the mainstream, it only bears on a small proportion of the 
world's science. Further, the D C  scientific reviews are rated as."backwood cousins" in 
the IS1 database which includes hardly more than 2% of them. French publications, 
together with all the other publications that are not in English, are at a disadvantage. 
The scanty number of DCjournals, per country and per discipline, to be found in the 
IS1 database illustrates how severely DC science is underrepresented. 
The question is adequately representing science .produced in the DCs in 
international databases was the main point at issue at a 1985 conference organised at 
ISI, in Philadelphia. The title of the .final conference report, "Strengthening the 
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Coverage of Third World Science" pointcd to a glaring gap.10 It is difficult to define 
the precise amount of DC science dmitted from the international databases, 
especially at ISI. The final confcrcncc report noted that "the workshop participants 
estimated that only about half of the scientific outpul of the third world which meets 
international standards of excellence is. included in the SCI". IS1 explains that DC 
scientific production published in national journals is not includcd on the SCI for 
reasons of quality. The national scientific journals are accused of not passing articles 
through a screening committee and publishing poor and even dubious quality work.11 
This criticism is often addressed to India, the Third World's leading producer of 
science ... by Indian scientists themselves.l~-14 The explanation often goes back to a 
cultural tradition that virtually bans criticism, especially in Asia. "No one wants to 
hurt the other. Politeness, a virtue of drawing room conversation, is cxtendcd to 
mean that no one criticises the other. In such an atmosphere, genuine criticism of 
someone's work is taken as a personal insult and leads to sentimental and emotional 
reactions, rather than rational dcfcnse".~5 
The work published in DC scientific journals is not excluded from international 
science and more specially from the SCI for reasons of quality alone. The citation 
criterion, which is the basis of the system, works against scientific communities at the 
periphery because, as we will see in greater detail below, much of the work is 
published in local reviews only circulated within the country. The scientists of these 
communities are caught in an especially vicious circle, because even when thcir 
hndings are published in highly influential, prestigious scientific journals in the 
centre, they are, all told, far less often cited than writings by their colleagues from the 
centre,l6 which explains the very ambivalent feelings of scientific communities in the 
periphery concerning the significance of citation. Recent work on referencing within 
the Brazilian scientific community showed that, "citation pattcrns are significantly 
influenced by factors 'external' to the scientific realm and, thus, reflect neither simply 
the quality, influence, nor even the impact of the research work rcferred t0".17 
Brazilian scientists feel that the place OC publication strongly influences the number 
of times a publication is cited. This was borne out by Lawuni who showed that out of 
a representative sample of 100 entomology articles written by Nigerian authors, 
articles published in foreign journals were cited 1,74 times more often than articles 
published in local scientific journals?B 
Actually as Frurire so correctly said, it all depends on what you are trying to 
assess. "If the purpose of the bibliometric indicators is to help in the building of a 
national scientific inventory, telling us what kind of research is being performed at 
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different institutions, then coverage of local as well as mainstream publications would 
seem important. On the other hand, if one is primarily interested in investigating 
third world contributions to world science, then publication counts taken from a 
restrictive journal set would seem most appropriate".lg 
There is also a marked tendency to assign research scientists of the peripheral 
scientific communities to two distinct categories; scientists who "really counts", in 
other words are known to the international scientific community since they publish 
overseas in influential international journals and, the others, whose "local" science 
lacks originality and, at best, is published in low circulation local journals?O 
Several recent studies justify a revision of this slightly exaggerated - but largely 
held - caricature of science production in the periphery. Clrarelin and AwunW 
made a bibliometric study in soil sciences and agriculture which pointed to great 
differences in the national and individual publication strategies in the DCs, and 
showed that local science was not synonymous to poor science. It is not for reasons of 
scientific quality that the vast majority studies on soils and agriculture are not 
"mainstream". Many dynamic DC scientists actually partake of the international 
scientific life but publish most of their findings in national journals. Studying a 
scientific generation's original work in this field so vital to development brought out 
the importance of the time needed to develop a scientific thrust. A close look at the 
history of scientific production at a Mexican biomedical research institute showed 
that research scientists had changed their publication strategies in the score of years 
between 1959 and 1979?2 By 1979 half of their output was published in international 
journals. firNra~~oorrg, reporting on Thai scientific institutions, found a strong 
correlation between the number of articles the scientists from these institutions 
published in international journals and in the Jorinial of fhe Scierrce Society of 
77railu1rd.23 Eisernort and Duvis showed that a sizeable proportion of the more 
dynamic scientists from four peripheral scicntific communities of Asia (South Korea, 
Taiwan, Malaysia, and Singapore) published both in local and in international 
journals. They said that "the decision to publish locally is not merely the reflex of a 
second scientist, or the result of rejection elsewhere. It is the result of choice.rather 
than .necessity"?4 These four countries have devcloped important local scientific 
literature that is not mainstream and, according to these authors, the local science 
will probably not be eliminated as the scicntific communities gain clout in the 
international scientific community. 
All these recent findings substantiate the thesis that the bibliometric indicators, 
especially the SCI, do not accurately assess the scientific output from the periphery, 
GO Scìenronremés 23 (1992) 
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especially from the DCs and that local science far from being synonym of poor 
science, at least as important as international science in the context of a dcvcloping 
country, and should thus be taken into account. 
Total scientific output: slzcable local production, 
especially in Asia and in Latin America 
In our sample, each scientist is prohucing on average 0.G publication per year as 
sole author, and 0.7 as co-author (Tadle 1). This is slightly more than half that of 
American researchcrs in agricultural scienccs, according to Busch and Lacy who 
reported 0.9 and 1.3 respectivcly.~ Further we have been able to estimate that more 
than half (55%) of the total scicntific production of the scientists was published or 
available locally. The remaining 45% which was published abroad can be dividcd into 
articles published in scicntific journals in industrialised countries (37%) and in othcr 
developing countries (8%). ' 
Table 1 
Production pcr scientist pcr year 
Arlicle in scicntilic journals 1.3 
ßwoks or chapters in books 
ßulletins and reporls 0.3 
Conference papcrs O 5  
0.07 
i: 
I: 
I' 
i :;
, .  
These global statistics camouflage significant variations between geographical and 
scientific areas (cf. Table 2). The ficld in which the scientists are publishing most (1.G 
publications per scientist per year) is Natural Products. This is also field in which 
they publish most abroad (1.1 publications pcr scientist per year). Food Sciences is 
almost the opposite. There are'more local (1.0) publications than foreign (0.4) 
publications. Thcse results can be traccd to the nature of the related research. Thc 
fields in which there are-the fcwcst publications, i.e., Forestry (0.7) and Rural 
Technology (0.8) are probably also the ficlds with the most practical applications 
whose results do not always need to be published. 
We have also observed that Asian scientists publish more than African or Latin 
American scientists (1.5 as against 1 journal article per scientist per year 
respectively). Furher, Asian scicntists publish more locally (60%) than African 
scientists (41%). In Latin America more was published locally (58%) than ovcrscas. 
r;: 
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(Table 3). These percentages, in comparison with figures for developed countries, are 
exceptionally high. scientists in France publish 20% of their scientific production in 
foreign journals. For West Europe as a whole, the figure is 12%, and for Japan 
25%.26 
Table 2 
Number of journal article (per scicntist pcr year) by discipline 
Discipline Published locally Published abroad Total 
Aquaculture 0.6 
Animal production 0.8 
crop scicnce 0.5 
Forestry 0.4 
Fwdscience 1.0 
Natural products 0 5  
Rural tcchnology 0.4 
0.7 
0.4 
0.6 
0.3 
0.4 
1.1 
0.4 
1.3 
1.2 
1.1 
0.7 
1.4 
1.6 
0.8 
Total mean - 0.0) 0.66 1.3 
Table 3 
Placc of publication per gcographical arca (%) 
Geographical area Locally In other In an 
dcvcloping country ¡ndustrialised country 
Africa 41 
Latin Amcrica 58 
Asia 60 
10 
9 
6 
49 
33 
34 
Total 55 a 37 
It should be made clear that this covers the scientists' total scientific production, 
not only journal articles which are published in equal proportions in local and foreign 
journals. When consulting Table 3 one should also remember that there are many 
more local journals in Asia and in Latin America than in Africa. We have also 
observed a relatively significant difference in productivity by gender; men publish 
more than women (Table 4). This difference is allthemore pronounced since women 
more active in much published fields such as Food Science and Natural Products and 
Scienromem'cs 23 (1992) 
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less active in fields such as Rural Technology where littie is published. Women tend 
to publish more locally than men. 
Table 4 
Numbcr of journal article pcr scicntisl, per year according to scx ' 
Gender Published locally Publishcd abroad Total 
Men 0.GS 0.73 1.38 . 
Women 053 0.33 0.86 
Research is becoming increasingly collective, and scientists work together not 
only to bring their research to a successlul conclusion but also to be able to publish 
their results as a joint venture. This holds for scientists who publish about two-thirds 
of their work with co-authors, as is shown in Table 5. Table 5 establishes that as a 
general rule the fields in which scientists work together most are the fields in which 
most is published. 
Tablc 5 
Numbcr of publications (including bulletins, books, internal reports, confcrcncc papcrs) 
pcrscicntist and per year as sole author and so co-author 
Research area As sole author As co-author Total 
Aquaculture 0.9 
Animal production 0.4 
Forestry 0.7 
Food scicnce 0.9 
Natural products 0.4 
Rural technology 0.7 
Total 0.7 
1.3 
1.6 
1.2 
1.7 
1.9 
0.9 
1 A 
2.2 
2.1 
1.9 
2.6 
2.3 
1.6 
2.1 
This confirms earlicr findings by Beaver and Rosen27 who observed that 
collaborative research enhanccd productivity. Results also show that there is 
significant difference between disciplines. Ficlds that have the largest number of 
authors per publication, such as Natural Products, are fields that require inputs from 
a variety of disciplines e. g., taxonomy, botany, chemistry and pharmacology. If the 
right specialists are not locally available, foreign cooperation is required, which 
explains the higher number of forcign co-authors pcr publication (0.53) for a ficld 
such as Natural Products (Table 6). Although the diflerence in average numbers of 
Co-authorsin terms of geographical distribution is not significant, we havc nokd that 
' 
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Asia has the highest number (2.4), followed by Latin America (2.2) and then Africa 
Table 6 
Average number of authors and co-authors (local and foreign) per publication 
Research area No. of ' No.of No. o1 Total no. of 
authors local authors foreign co-author publication 
per scientist 
per year 
(2.1). 
1.87 0.75 0.12 2.2 
1.95 0.72 0.23 2.1 
Forestry 1.98 0.67 0.31 1.9 
Aquaculture 
Animal production 
Crop science 
Food science 
Natural products 
Rural technology 
2.12 0.98 0.14 2.6 
2.12 0.98 0.14 2.6 
2.85 1.32 0.53 2.3 
2.20 0.80 0.40 1.6 
2.25 0.96 0.29 2.1 Total 
The mean number of authors per publication gives an interesting indication of the 
degree of association among researchers who publish, and the origin (local or foreign 
co-authors) gives an indication of the openness and/or dependence of the 
researchers. Table 6, for instance, confirms that National Products is the field for 
which the publication rate is the highest. It is also the field that brings DC scientists 
and foreign scientists together most. Actually, the more the scientists publish abroad, 
the more they work with foreign scientists in their preparation work. 
Thus we found that there were no researchers who had published more than 12 
articles abroad without a foreign co-author. Garjield has shown that articles by 
researchers in DCs have a greater impact (on the international scientific community, 
measured in terms of number of citations per article) when they are co-authored by 
researchers from industrialised countries.28 Here we come up against the dilemma of 
the strategic scientific choices that researchers in DCs, in common with most 
researchers in peripheral scientific communitics, have to make between participation 
in mainstream science (the most used, most visible, and most frequently cited 
science) and the resolution of local problems through "inward looking" research 
which some call "domestic" or "in-breoding" science. 
It is worth observing that Co-authoring with foreign scientists is the most prevalent 
among scientists who studied, or went on post-doctorafe study tours abroad. In most 
cases, however, these publications are produced in the years immediately following 
. 
' 
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the stay abroad; sustained active collaboration is rare. Other associations develop 
when a foreign professor is on assignment in the scientist's home laboratory, or when 
expertise, not locally available, is brought in as part of a programme financed by a 
foreign institution or subsequent to an international conference. 
The choice of language of publication is also central to the scientific strategy. A 
look at the lists, of references consulted in preparing this study confirms the 
hypothesis that the different linguistic worlds are almost "language-proof', especially 
between the English and French languages. Spanish- and Portuguese-speakers often 
cite literature in English; this is rarely the case for French-speakers, And refercnccs 
by English-language scientists are dra& for all intent and purposes exclusively from 
literature written in English (Table 7). To one degree or another, these four 
languages dominate the world's scientific literature. In a few Asian countries, science 
is published in national local languages. 
Table 7 
Language of publication by linguistic area (%) 
Linguistic area Local English French Spanish & Total 
Portuguese 
- French-speaking 1 17 82 100 
English-speaking 8 92 100 
Spanish- & Port. 36 1 63 100 
countries 
countries 
speaking countries 
- - 
- 
Total 6 76 8 10 100 
The percentages in Table 7 refer to close to 5000 publications produced by 40 
Latin American researchers (mainly Spanish speaking), 29 French-speaking African 
researchers and 138 English-speaking researchers. These results confirm the prime 
importance of English and the resulting subordination of the other languages. Out of 
3678 publications by English-speaking scientists, 2 were in French, 1 in German, 4 in 
Russian and none in either Spanish or Portuguese. On the other hand, more than 
one-third (36%) of the publications by Latin American and almost one-fifth (17%) 
by- French-speaking scientists were English. Our case study in Senegal indicated that 
English was increasingly used in French-speaking countries. The percentage of 
articles published in English by scientists working in Senegal, for instance, rose from 
15% in 1975 to some 30% in th_e early 1 9 8 0 ~ ? ~  
Scienronicnics 23 (1992) 65 
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The other conclusions that can be drawn concern the relatively significant use 
(8%) of local languages in certain Asian countries, e.g., Indonesia where more than 
half (52%) of the scientists' published works appear in Indoneslan, Thailand (28% in 
Thai), and South Korea (18% in Korean). These percentages would be considerably 
higher if our figures only applied to the language of publication used in the national 
journals. Eisetiion and Davis reported that over half (51.7%) 'of the articles in six 
South Korean journals were publishcd in Korean.30 Publication strategies differ 
greatly, depending on both the country and the discipline. Unlike South Korea, in 
Singapore all the scientific journals are in English. 
As a general rule researchers will tend to publish in local languages, in national 
publications if their subject of research is for direct application. Except, perhaps, for 
a few Thai scientists, who find it difficult to write in English, the decision to publish 
in a national language and in a national publication is usually a question of strategy, 
as can be seen in interviews with scientists who say things like, "I submitted this paper 
to local journal because the contents essentially bear on a local problem. This should 
make it easier for me to make the authorities aware of the problem and help them 
find the right solutions for our national development." Or, as concerned Korean and 
Thai, "I published in my national language so that I could use it in teaching." Another 
scientist said that he had decided to publish in a new local journal to contribute to its 
development because "...I feel that it is essential for our countries to have good 
quality scientific publications." 
A few scientists admitted that it was "casier" and "faster" to publish in national 
journals. Using a national language also means reaching readers that do not receive 
international journals, and, furthermore gaining repute amongst peers and students 
in the home institutions. Most published both in national and international journals. 
Only about 20% published exclusively in the national journals; these were mainly 
young scientists working in agronomie research (Animal Production, Corp Science, 
Forestry) and Aquaculture. There were no scientists from Natural Products who 
published exclusively in the national journals. 
An analysis of the references used in articles provides precious information on the 
scientific output and research practices. We saw, for instance, there was more intra- 
linguistic than inter-linguistic transfer. We also obtained information on the relative 
use of local and international science and the relative age of the work cited in the 
scientists' publications. Some authors found that scientists from the peripheral 
countries tended to ignore - or did not have access to - older publications, and thus 
concluded that the use of more recent references was characteristic of science in 
. 
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these countries.31 The opposite was also alleged, i.e., that scientists in the peripheral 
countries cite references that are much older than those citcd in articles pulilishcd in 
international journals by collcagues from industrialised countries.32 
NOW let us look at our study population. For purposes of coniparison with 
scientists from developed countries working in similar fields we referred to Lea, 
VeNio's thesis33 to find a sample of articles published by - mainly Amcrican - 
scientists in scientific journals of centre countries. The results (Tables 8,9,10 and Il) 
show that DC scientists generally refer to articlcs more that 10 years old. Close to 
half (45%) of the references data bakk to over 10 years, while for authors from 
centre countries the figure is under one-third (29%). 
Tablc 8 
Breakdown according to agc of refcrcnce citcd. pcr continent of scicntists' work 
Years Africa Asia Lalin America Total DC Centre countries 
0-5 180 (22) 195 (22) 126 (U) 519 (23) 310 (42) 
6-10 312 (38) 240 (27) 180 (32) 732 (32) 239 (29) 
over10 327 (39) 456 (51) 240 (42) 1023 (45) 232 (29) 
Total 819 891 564 2214 811 
N.B. Agurcs bctwccn brackets show roundcd pcrccntagcs of thc lotal 
On the other hand, scientists from ccntrc countries often (42%) use refercnccs 
under five years old, while for DC scientists the figure drops to 23%. Table 9 showed 
us that there was no great difference between geographical areas for the three main 
countries although there was, as has been shown in other studies34 and in Table 9 
below, between disciplines. 
The figures indicate that Natural Products, a discipline that draws hcavily on 
organic chemistry and pharni&ology, uses the most recent refcrenccs (31% within 
the last live years). It is worth rcmcmbcriiig that this is the field that gcneratcs the 
most joint publications with foreign rescarchcrs. The biological sciences most directly 
linked to agriculture (Animal Production and Corp Science) and Aquaculture are the 
disciplines with the most references over tcn ycars old (between 45 and 52%). Thus, 
biological disciplines, largely based on analytical work, e.g., natural substances and 
work on mycorrhiza in forestry, tend to use niore recent references than the more 
descriptive research that relics more on experiments with live matter. As concerns 
. 
. 
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the age controversy with regard to "national vs international" journals, our results 
(Table 10) tend to agree with Aruriucliufuni and Murkuirduy.35 
Table 9 
Breakdown of age of reference cited according lo scientific discipline 
Discipline 0-5, % 6-10, % over 10, % Total 
Aquaculture 132 (23) 138 (24) 303 (52) 573 
Animalproduction , 42 (17) 96 (38) 114 (45) 252 
Forestry 51 (26) 75 (26) 75 (37) 201 
F w d  sciences 48 (21) 108 (47) 75 (32) 231 
Natural produc& 144 (31) 144 (31) 171 (38) 459 
Crop science 102 (18) 171 (31) 2s (51) 558 
Total 519 (23) 132 (32) 1023 (45) 2214 
Table 10 
Breakdown per age of reference between publications published abroad and nationally 
Years Abroad, % National, % Total, % 
0-5 ' 105 (25) 114 (17) 519 (23) 
6-10 537 (34) , 195 (29) 132 (32) 
over 10 660 (41) 363 (54) 1023 (45) 
Total 1602 672 2274 
Apparently articles published in national journals cite references that are older 
that those cited in international journals that belong to mainstream science. A finer 
analysis would probably reveal significant differences between cnuntries. Eisemon 
and Davis3 showed that one-fifth of the references in articles published in national 
journals of Malaysia, Thailand, and South Korea dated back to five years ago at most 
whilst in Singapore nearly one-third of the non-mainstream science references were 
of that age. 
It is quite clear that articles printed in national reviews are much more readily 
assimilated by DC scientists than anything found in foreign journals, as Table 11 
indicates. Over half (56%) of the referenccs drawn from national scientific literature 
date back at most five years, while only about one out of seven references (24%) 
taken from foreign journals are thus dated. 
68 Scienlonienics 23 (1992) 
J. GAILLARD: SCIENTIFIC PRODUCIlON IN DEVELOPING COUI4TRIE-S 
Yet the scientific transfer within or between the DCs is not very great (0111~22%). 
In other words references in publications by DC scientists are mainly (78%) taken 
from mainstream scientific literature, but with some delay since more than half the 
references date back to at least a decade ago. Several reasons can be suggested for 
this situation which is largely due to disfunctioning of scientific practices in the 
developing countries. 
Table 11 
Breakdown per age of reference: foreign vs. national 
Total, % Years Foreign ref., % National ref., % 
. .  
0-5 243 (14) 276 (56) 519 (23) 
w e r  10 936 (52) 87 (18) 1023 (45) 
6-10 606 (34) 126 (26) 732 (32) 
Total 1785 489 2274. 
Since most of the DC scientists, unlike their colleagues in developed countries of 
the centre, do not belong to what is generally 'called the "invisible college", they do 
not become familiar with their colleagues' work before it is published. Actually their 
only access to information is tedious bibliographic research, and even this docs not 
always result in the identification of the most relevant reference work. Half of the 
scientists only have bibliographic catalogues like Cirrent Contents, and less than one- 
third of them have access to bibliographic databanks. The unavailability of 
bibliographic references was felt special acuteness in most African countries. This 
said, during our missions we saw that, except in several African countries, the 
libraries in DC universities and institutions had relatively recent scientific journals 
from countries of the centre that institute scientists rarely consulted. Some of these 
journals looked as if they had never been opened. Many scientists try to subscribe 
individually to the most relevant international journals, but scanty financial means 
that are not regularly available makes this difficult. 
The fact that DC scientists often cite articles in journals that are over ten years 
old can also be related to the time between their training period abroad and the 
publication of their work. Over 75% of our cohort studied abroad, mainly in the U.S., 
Great Britain, and France. Quite possibly their references are works they learned 
about during their education abroad. This is an explanation Lea VeNio entertains in 
reference to Brazilian scientists: "the longer the time since the researchers returned 
. 
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to Brazil from graduate training abroad, the oldcr thc foreign literature they tend to 
cite".37 
Turning to total scientific production we see that English-speaking scientists, 
mainly in Asia, constitute the most publishcd group (2.37 publications per scientist 
per year), while French-speaking Africans (1.63) and Latin-Americans (1.76) from 
thc least published groups. These figures, of course, only provide a partial indication 
and cannot be used as a decisive measurement of the quality of a research scientist. 
Other indicators have to be used. For reasons given above we dccidcd not to use the 
citations method in measuring the impact and the quality of articles published in 
international reviews. A full-fledged qualitative evaluation would have required the 
participation of several specialists with a variety of linguistic capacities for each of the 
disciplines concerned, which was beyond the means of our study. 
Conclusion 
Several conclusions can be drawn from this study concerning the specific nature 
of sciencc produced by DC researchers, and the construction of science in their 
countries. 
Science produced in DCs is not adequately represented in internaiional databases 
not exclusively for reasons of quality. While international databases can be used as a 
source of information of the relative stretlgths of various countries in mainstream 
science, they give an incomplete and often inaccurate picture of total scientific output 
and how science is constructed in non-mainstream countries. 
A look at total scientific productions shows that DC scientists often publish (up to 
60% in Asia) in national journals, that the leading language is English, a language 
even used for publishing by close to one-fifth of the French-speaking scientists and 
over one-third of the Latin American scientists. We also saw that the English- 
speaking scientists only publish in English or, as is the case in some Asian countries 
(e.g. Indonesia, Thailand and Korea), often in local languages. Most of the scientists 
publish in both national and international journals. Although publication strategies 
differ according country and to scientific discipline, scientists who decide to publish 
in a local language or journal most often do so by choice and not be necessity. 
DC scientists cite references essentially (78%) from mainstream scientific 
literature which they seem to receive later than their colleagues in the centre since 
nearly half the references are over 10 years old, as against 29% of the references 
cited by scientists from the centre countries. An analysis of the citations indicates that 
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DC scientists use articles from national journals much sooner in time than articlcs 
from international journals. Actually citation modes are arfccted significantly by 
factors unrelated to science, factors which are social rather than cognitive in nature. 
Scientists in the DCs nced much more time to avail themselves of new scicntific data 
that are pertinent to their research. 
In sum, D C  scientists often cite their colleagues from the developed countries, but 
their own work being relatively "invisible" is seldom cited. They often feel caught in a 
dilemma: either adopt the habit of scientists from devcloped countrics and publish in 
international journals to become more "visible" and gain international standing, or 
else seek national recognition by publishing in local journals, and sometimes in local 
languages, thus being concerned to non-existence or, at best, marginal exisknce in 
mainstream science. The general trend is to adopt the two strategies together. 
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